BACKGROUND: The association of dietary habits and Helicobacter pylori infection with early gastric cancer is still unclear.
The incidence of gastric cancer has been gradually decreasing over the past 50 years in the world.1 However, it is the leading cause of cancer-related deaths for both sexes in Korea, and mortality rate of gastric cancer was 23.9 per 100,000 population in 1998,2 which was the second highest in the world.1 Although early gastric cancer differs from advanced gastric cancer regarding to the prognosis and tumor stage,3 epidemiologic evidence supports the hypothesis that most cases of untreated early gastric cancer will progress to advanced gastric cancer within 4 or 5 years.2,4 The reason why early gastric cancer was studied was that more valid dietary information was able to be obtained from early gastric cancer patients, and that Helicobacter pylori infection was detected more commonly in early gastric cancer patients than in advanced gastric cancer cases because of a loss of bacterial colonization in progressively atrophic stomach. 5 The results of epidemiologic studies suggest that occupation, family history, life-style factors such as smoking, alcohol drinking, and dietary factors, and socio-economic status are associated with the risk of gastric cancer.5-10 Another major risk factor is infection with the gastric bacterium H. pylori, which colonizes the human stomach adjacent to gastric epithelial cells. 11 As regards dietary factors, epidemiologic studies have reported an increased risk of gastric cancer with the ingestion of preserved, often salty foods or with a preference for salty foods.12 High-salt diets are known to contribute to gastric atrophy and to synergize with H. pylori infection through hyperplasia and further H. pylori colonization in animals. 13 Relatively few studies have been conducted to evaluate the association with of salt intake, H. pylori infection, and dietary factors with early gastric cancer. Therefore, we undertook a case-control study to evaluate the preference for salty taste by using a sensitive evaluation test in subjects, and to assess the individual effects of dietary factors and H. pylori infection.
METHODS
Seventy-two early gastric cancer cases were identified at the Division of Gastroenterology, Department of Internal Medicine, Asan Medical Center, Seoul, Korea, between March and September 1999. Patients newly diagnosed by endoscopy without previous gastric surgery were categorized as early gastric cancer cases. During the same period, 215 healthy subjects visited the Health Promotion Center of the same hospital for annual health examinations, were recruited as the potential controls. The control subjects had no abnormal gastric conditions examined by endoscopy or upper gastrointestinal series and no other known cancer or systemic disease. Subjects without H. pylori infection data nor dietary information were also excluded. A total of 69 cases and 199 controls were included in this study. Informed consent was obtained before the interview, but the Institutional Review Board approval was not obtained because the committee was not set up when the study was conducted.
Serum H. pylori antibody was measured by ELISA using HPTM(Chong Kun Dang Pham. Corp., Korea) for all the subjects. Preference for salty taste was assessed using diluted rice gruels containing 0.1, 0.3, 0.5, 0.7, and 0.9% NaCl after semi-quantitative food-frequency questionnaire (FFQ) was done. The five different diluted rice gruels were arranged randomly and the subjects were asked to select a preferred concentration.
Two to three weeks after the diagnosis was made, person-toperson interview was carried out on dietary habits during the preceding year. The interview was worked out using semi-quantitative FFQ of which validity was evaluated in a previous study." In the result of semi-quantitative FFQ validation study, in which the questionnaire was compared with the 24 hour recall method, kappa values of energy, protein, fat, and carbohydrate intake were 0.82, 0.56, 0.47, and 0.69, respectively.14 Pictures of actual size for one serving size were used to help participants estimated their usual serving portion sizes. The semi-quantitative FFQ consisted of 24 food groups with 161 food items. The individual 161 foods items that suspected of being risk or protective factors in gastric cancer on the basis of previous studies5.7.9 were selected. The food groups were classified according to cooking methods of Korea, and the consistent of the food groups were as follows: rice, clear broth (prepared with vegetables, seafood, soybean curds, or beef with 50-60% water of total dish), soybean paste broth, soybean paste stew, other stew, salt-fermented fish, kimchi (preferred with salt-pickled and fermented vegetables seasoned with red pepper, onion, garlic, and so on), seasoned raw vegetables (seasoned with red pepper, garlic, onion, vinegar, and so on), raw vegetables, fruits, milk and milk products, tea, coffee, noodles, fish, pork, beef, chicken, potato, soybean curd, cooked seasoned vegetables, breads, nuts, and seeds. The seasonal fruit intakes were evaluated from the frequency during the fruit production season and converted to the frequency for 1 year (e.g., if the production period of orange is 6 month and the frequency of the orange is 5 or 6 times a week, the frequency of orange is 2 or 3 time a week for 1 year). General characteristics of the subjects (e.g. age, sex, education, and income), family history of gastric cancer, cigarette smoking, and alcohol drinking were also included in the semi-quantitative FFQ.
Unconditional logistic regression models were used to estimate odds ratios (ORs) and their 95% confidence intervals (CIs). Multiple logistic regression models were used to evaluate the relation between each of the dietary factors and early gastric cancer risk after adjusting for age, sex, family history, duration of education, and H. pylori infection. The consumption of each food group was categorized into three levels using tertile cut-off points except for soybean curd, salt-fermented fish, and kimchi. For the joint distribution of H. pylori serostatus and salt preference were assessed by adding multiplicative interaction product in the final model. All the analyses were carried out with the SPSS (version 10.0) statistical software package. Table 1 shows the distribution of cases and controls according to age group, sex, education, family history of gastric cancer, smoking, alcohol drinking, and H. pylori infection. Family history of gastric cancer (OR=11.6, 95% CI: 4.3-31.8), and H. pylori infection (OR=5.3, 95% CI: 1.7-16.5) were significantly associated with an increased risk of early gastric cancer. The ORs were estimated by unconditional logistic regression models adjusting Eight of the 24 food groups studied were found to be significantly associated with early gastric cancer ( Table 2) . A significant dose-dependent decrease in the early gastric cancer risk was associated with the increased intake of clear broth, seasoned raw vegetables, raw vegetables, fruits, and fruit or vegetable juices (p for trend<0.01), and soybean curd (OR=0.3, 95% CI: 0.2-0.8). On the other hand, a significant increase in the early gastric cancer risk was observed with increased intake of salt-fermented fish (OR= 2.4, 95% CI: 1.0-5.7) and kimchi (OR= 1.9, 95% CI: 1.3-2.8).
RESULTS
Subjects with positive H. pylori infection and a high salty preference had a 10.1-fold higher risk of early gastric cancer than subjects without H. pylori infection and with a low salty preference (p for interaction = 0.047) ( Table 3) .
DISCUSSION
This hospital-based case-control study found that H. pylori infection, some dietary factors, and a salt preference were significantly associated with the risk of early gastric cancer. Dietary salt has been linked to gastric cancer risk in numerous epidemiologic studies.1, 15-17 Morbidity and mortality rates of gastric cancer remain high in Asia, where the salt intake is the highest in the world. 1,15-17 The estimation and measurement of salt intake of individuals are difficult and subject to many potential errors. Previous studies as having used various approaches including (1) comparisons of the intakes of highly salted foods; (2) estimation of salt intake from appropriate food composition tables; (3) interview assessment preference for a salt taste; and (4) analysis of 24 hour urinary sodium excretion. 16 In the present study, the difference in the salt consumption between cases and controls was not clear when salt intake was estimated from the semi-quantitative FFQ data (data not shown). However, it was demonstrated that the early gastric cancer group preferred to salty taste more than the controls, by the described preference test for salty taste. The assessment of salt intake on the basis of semi-quantitative FFQ data using the food composition table probably suffered much inaccuracy, and thereby necessarily underestimating the true risk of early gastric cancer associated with salt consumption.
A high intake of salt-fermented fish, i.e. salted fish and shellfish by fermenting for several weeks or months, was found to be associated with an increased risk of early gastric cancer. An Non-fermented soy products, such as tofu, soymilk , and rice with soybean, were related to decrease in the risk of early gastric cancer. On the other hand, fermented soy paste showed no difference between the early gastric cancer and control groups (data not shown). In a previous case-control study in Korea, tofu showed a protective association with gastric cancer, but fermented soyfoods were found to be associated with an increased risk .' Reviewing literature on soy and cancer, Messina et al.21 noted that there was an inconsistent relationship between the intake of soyfoods and gastric cancer, primarily because the risk seemed to be elevated in relation to the intake of fermented soyfoods, although a decreased risk with the intake of non-fermented soyfoods were shown .
Soybeans are an abundant source of isoflavones , which are antioxidants, and possess other antitumor activities , including the inhibition of angiogenesis, topoisomerase, and tyrosine kinase .22
The frequency of kimchi intake was found to be positively related with early gastric cancer in our study . A previous study, controls.23 Thus, the effect of kimchi on gastric cancer still has remains controversial in studies among Korea population. Our finding of decreased early gastric cancer risk was also related to clear broth intake, which might be due to the low salt content in clear broth. However, whether this effect was due to low salt concentration or to other food components should be explored further.
H. pylori infection is generally considered to be associated closely with the development of early gastric cancer. In the present study, its prevalence in the control group was 75%, which is similar to that found in previous studies in the Korean population.24 Moreover, in the present study, the interactive effect between H. pylori infection and a preference for salty taste in early gastric cancer was statistically significant, which suggests that high-salty diets may synergize with gastric H. pylori infection, and increase the risk of early gastric cancer. The accumulated findings of several epidemiologic studies indicated that both salty foods and H. pylori infection are closely linked to gastric carcinogenesis. 21 In addition, the consumption of pickled vegetables was positively associated with the prevalence of H. pylori infection in a Japanese study." This study also suggested that the relationship between H. pylori infection and gastric cancer may be confounded by salt consumption. Importantly, in relation to H. pylori infection, dietary factors appear to be vital component for future studies.
In the present study, a family history of gastric cancer was positively associated with early gastric cancer, which is consistent with the findings of other studies,7.8 but does not necessarily indicate a genetic predisposition. Cigarette smoking was also associated with the increased risk of early gastric cancer with a dosedependent manner. The finding is entirely consistent with the results of a meta-analysis of tobacco and gastric cancer, which gave an overall estimated of relative risk of 1.5 to smokers versus non-smokers. 25 The present study has several strengths. Early gastric cancer patients selected in the study were diagnosed by gastroscopy, which was probably reduced the changes of dietary habit influenced by recognition of disease conditions. In addition, H. pylori infection was detected more commonly in patients with early gastric cancer than in those with advanced cases, possibly because of a loss of the bacterial colonization in progressively atrophic stomach. 5 The study incorporated an accurate and unbiased assessment of taste preference for salt using a sensitive evaluation method. The study evaluated an interaction between salty taste preference and H. pylori infection. Although the current study contains several limitations (e.g., small sample size, a hospital-based study, and so on), we did not anticipate these potential biases might affect the results. First, potential confounders (e.g., age, sex, education, and so on) were adjusted by the multiple logistic analyses. Second, non-differential misclassification of H. pylori infection between cases and controls might underestimate the results. However, a hospitalbased approach may not provide the generalizability of the findings observed in this study.
In conclusion, the results of the study suggest that some dietary factors and H. pylori infection are significantly associated with early gastric cancer, and that high-salty diets may synergize with gastric H. pylori infection and increase the risk of early gastric cancer.
